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ABSTRACT
AE Aqr objects are a class of cataclysmic variable stars in which the rapidly ro-
tating magnetosphere of the white dwarf (WD) primary centrifugally expels most
infalling gas before it can accrete onto the WD. The expulsion of the accretion flow
via this “magnetic propeller” extracts angular momentum from the WD and produces
large-amplitude, aperiodic flares in optical photometry. The eponymous AE Aqr is
the only confirmed member of this class of object, but recently, Thorstensen (2020)
discovered a candidate AE Aqr system: LAMOST J024048.51+195226.9. Using sur-
vey photometry, we measure a refined orbital period for this system and identify a
shallow, previously unrecognized eclipse during which the system’s frequent AE Aqr-
like flaring episodes cease. A dedicated follow-up study is still necessary to test the
proposed AE Aqr classification for LAMOST J024048.51+195226.9, but should it be
confirmed, the eclipse of its flare-production region will offer a new means of studying
the magnetic propeller phenomenon.
INTRODUCTION
AE Aqr objects are among the rarest subtypes of cataclysmic variable stars, and at
present, only one has been confirmed. These short-period binaries contain a rapidly
rotating, magnetized white dwarf (WD) and a late-type companion star that loses
mass via Roche lobe overflow. The defining feature of this class of object is a “mag-
netic propeller,” a process in which the WD’s magnetosphere centrifugally expels
nearly all of the infalling matter that comes from the donor star, greatly inhibiting
accretion onto the WD (Eracleous & Horne 1996; Wynn et al. 1997). The expulsion
of the accretion flow extracts angular momentum from the WD’s rotation, causing
its spin period to gradually lengthen.
The only known AE Aqr star is AE Aqr itself, and its singular nature has motivated
a voluminous body of observational and theoretical work; for reviews of AE Aqr
specifically, see Welsh (1999) and Meintjes et al. (2015). The rotational period of the
WD in AE Aqr is a mere 33 sec (Patterson 1979) and gradually increasing (de Jager
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et al. 1994), as expected for the magnetic-propeller scenario. AE Aqr is famous for
its erratic, large-amplitude flares, which are thought to occur when the accretion flow
from the secondary is shocked—either when it encounters the WD’s magnetosphere
(Eracleous & Horne 1996) or when blobs of expelled matter collide (Welsh et al. 1998).
Thorstensen (2020) reported a candidate AE Aqr object, LAMOST
J024048.51+195226.9, with a 7.34-hour orbital period. He noted several key prop-
erties that resembled AE Aqr, including the presence of large-amplitude flares,
the absence of He II emission, and unusually weak He I emission. Moreover, its
Catalina Real-Time Transient Survey (CRTS; Drake et al. 2009) light curve (Fig. 1
in Thorstensen 2020) looks very similar to that of AE Aqr (Fig. 6 in Sˇimon
2020), with one curious exception: a shallow dip between 0.9 < φorb < 1.0, where
φorb = 1.0 corresponds with the secondary’s inferior conjunction (which Thorstensen
2020 measured spectroscopically).
Here, we investigate the nature of that dip by reanalyzing the CRTS light curve,
which we supplement with photometry from the All-Sky Automated Survey for Su-
pernovae (ASAS-SN; Shappee et al. 2014; Kochanek et al. 2017). The CRTS data
offer coverage from 2005-2013, while the ASAS-SN observations commenced in 2012
and continue to this day.
ANALYSIS
The Drake et al. (2014) CRTS pipeline measured a period of 0.3056840 d (no un-
certainty specified), and Thorstensen (2020) adopted this value as the orbital period.
However, after applying the phase-dispersion-minimization algorithm (Stellingwerf
1978) to the CRTS light curve of LAMOST J024048.51+195226.9, we refine the pe-
riod to a slightly longer value of 0.3056849(5) d; the number in parentheses is the
1σ uncertainty on the final digit. Combining this new period with the epoch of in-
ferior conjunction from Table 3 in Thorstensen (2020), we obtain an updated orbital
ephemeris of
Tconj[BJD] = 2458836.846(2) + 0.3056849(5)× E, (1)
where Tconj is the predicted Barycentric Julian Date (BJD) in Barycentric Dynamical
Time (TDB) of inferior conjunction and E is the integer cycle count.1
In Fig. 1, we present the CRTS and ASAS-SN light curves, phased with Eq. 1. The
CRTS photometry is unfiltered and therefore dominated by the contribution of the
M1.5 secondary, the ellipsoidal variations of which are readily apparent in the light
curve (Thorstensen 2020). With the refined period, the dip that Thorstensen (2020)
observed near orbital phase 0.9 shifts in phase and becomes nearly centered on the
secondary’s inferior conjunction—exactly as would be expected of an eclipse of the
WD by the secondary. Moreover, in the combined CRTS/ASAS-SN dataset, not a
1 We converted the time standard of the Thorstensen (2020) epoch of inferior conjunction from BJD
in Coordinated Universal Time to BJD in TDB (Eastman et al. 2010).
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Figure 1. CRTS (top panel) and ASAS-SN (bottom panel) light curves of LAMOST
J024048.51+195226.9, phased to Eq. 1. The CV band for the CRTS data refers to an
unfiltered bandpass using a Johnson V zeropoint. ASAS-SN non-detections have been
omitted for clarity, as they do not meaningfully constrain the eclipse depth. The shaded
region indicates an interval in the CRTS light curve, centered on inferior conjunction, during
which the high-amplitude flares cease and the low-amplitude flickering is suppressed. We
interpret this as an eclipse of the flare-production site.
single flare is present during the dip, making this the only part of the orbit to lack
them; in contrast, the CRTS light curve of AE Aqr (Fig. 6 in Sˇimon 2020) shows
flares at all orbital phases. Based on these arguments, we interpret the dip as an
eclipse by the secondary. Although the ∼0.2-mag depth of the eclipse might seem
unusually shallow, the red-sensitive CRTS bandpass emphasizes the contribution of
the secondary, thereby reducing the fractional contribution of the WD and diluting
the eclipse depth. In Sec. 3, we discuss how additional spectroscopy and photometry
in Thorstensen (2020) support the eclipse interpretation.
The ASAS-SN light curve in Fig. 1 is quite sparse and does not contain any detec-
tions during the eclipse. Both properties result from LAMOST J024048.51+195226.9
being close to ASAS-SN’s limiting magnitude. As a result, even a shallow eclipse
could cause the system to fade below the survey’s detection threshold.
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Of the observational data analyzed by Thorstensen (2020), only the CRTS light
curve has a sufficiently long baseline to be significantly impacted by our revised
ephemeris. The CRTS data were obtained between 2005 and 2013, whereas the epoch
of inferior conjunction was measured in 2019.96. In contrast, the Thorstensen (2020)
time-series photometry and spectroscopy (his Figs. 3 and 4) were obtained within
∼1 month of the epoch of inferior conjunction, which is too short of a baseline to
notice the effects of the refined orbital period.
DISCUSSION & CONCLUSION
The identification of an eclipse at inferior conjunction helps to explain several in-
teresting features in the data presented by Thorstensen (2020). His Fig. 3 shows that
He I λ6678 A˚ emission briefly disappears at inferior conjunction, as does much of
the Hα line (particularly its high-velocity wings). This behavior can be easily ex-
plained by an eclipse of the corresponding line-forming regions. Likewise, Fig. 4 in
Thorstensen (2020) shows that in several different photometric time series, a shallow
dip occurs at inferior conjunction. The morphology of that dip experiences significant
orbit-to-orbit variation, suggesting that the eclipsed structure changes appreciably on
orbital timescales.
If we assume, for the sake of argument, that LAMOST J024048.51+195226.9 is a
member of the AE Aqr club, the eclipses will provide new insight into the magnetic
propeller phenomenon. For example, the eclipse of the flare-production region im-
plies that it is relatively close to the WD, likely favoring models in which flares occur
when blobs of infalling matter are shocked as they encounter the magnetosphere (Er-
acleous & Horne 1996), as opposed to scenarios in which collisions between expelled
blobs at large distances from the WD are the culprit (Welsh et al. 1998). Although
these prospects are enticing, follow-up observations are still necessary to confirm that
LAMOST J024048.51+195226.9 is an AE Aqr object, and the detection of a very
short spin period will be a particularly critical test of that hypothesis (Thorstensen
2020).
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